Abstract. Neurologic compression is a disastrous consequence for the patients with primary non-Hodgkin's lymphoma (NHL) of the spine, and such a condition has not been carefully taken into account in the treatment guidelines. The aim of this study was to compare the effect of radiotherapy and chemotherapy alone or combined with surgical decompression on primary NHL of the spine with neurologic compression. Sixteen patients with primary NHL in the vertebrae of the spine were treated between 1994 and 2006. Thirteen patients had neurologic compression. The neurologic deficits in 11 patients involved soft tissue extension from the vertebral tumors and 3 had vertebral fractures with motor signs and 5 had radicular pain. Five patients were treated by radiotherapy and chemotherapy alone while 8 were combined with surgical decompression. The decompression operation for tumors resulted in neurologic recovery in 6 patients. Five patients were not operated on but three received emergent radiotherapy before chemotherapy, 4 of whom had complete recovery in their neurologic symptoms. Of all patients, 3 relapsed. At average follow-up of 61.5 months (range 2-156 months), 4 patients had died after an average interval of 23.3 months from treatment (range 3-71 months). The 5-year overall survival rate was 82% with 60% for the patients in the surgical group, 100% for the patients in the non-surgical group. There was no difference between the groups (¯2=3.559, P=0.059). The 5-year overall survival was 100% for the 8 patients who completed CHOP chemotherapy and radiotherapy. It appears that optimum treatment in these patients depends on the cause of the neurologic deficits, whereas the survival is not influenced by the surgical or nonsurgical treatment. The results suggest that chemotherapy and radiotherapy alone is the ideal treatment for these patients whose neurologic compression was only due to soft tissue extension. The authors emphasize the importance of chemotherapy and radiotherapy followed by surgical decompression depending on individual priorities in the indications for operation on primary NHL of spine with neurologic compression.
Introduction
Primary non-Hodgkin's lymphoma (NHL) of the bone, often more simply referred to as primary lymphoma of bone (PLB), is a rare disease (1) . The first case series with PLB was presented in 1939 by Parker and Jackson (2) . The incidence of PLB is 7% of all malignant bone tumors, 4-5% of all extranodal NHL and less than 1% of all malignant lymphomas (3) (4) (5) . PLB was found in bone and primary NHL of the spine from 9% (6) to 32% (7) of all PLB. Some authors reported neurologic compression occurring rarely in primary NHL of the spine (8) ; while others reported half of 42 patients with primary NHL of spine presented with spinal cord compression (7) . However, the neurologic compression is a disastrous consequence for the patients with primary NHL of the spine and such a condition has to be taken carefully into account .
Various therapeutic regimens for primary NHL of PLB have been proposed, included irradiation alone, combination of irradiation and chemotherapy, and operative excision of the tumor combined with irradiation or chemotherapy. The optimum therapeutic regimen of this tumor when it occurs as a primary lesion of the spine is not known (9) , especially for primary NHL of the spine with neurologic compression. In such a situation, most authors recommended surgical excision of the tumor in combination of irradiation and/or chemotherapy (7, (9) (10) (11) (12) (13) (14) ; a few recommended chemotherapy and/or radiotherapy (15) . Because the investigations and therapeutic regimens have been formulated in case reports (12) (13) (14) (15) (16) (17) (18) and small case series in retrospective studies (9, 11) , it is still unclear which treatment is more suitable for the patients of primary NHL of the spine with neurologic compression. ONCOLOGY REPORTS 21: 1269 -1275 , 2009 Primary non-Hodgkin's lymphoma of the spine with neurologic compression treated by radiotherapy and chemotherapy alone or combined with surgical decompression We report on a relatively large case series of 13 patients of primary NHL of the spine with neurologic compression who accepted either surgical excision in combination of chemotherapy and radiotherapy or non-surgical treatment modality of chemotherapy and radiotherapy. The purpose of the present study was to evaluate the outcome of these two therapeutic regimens, and to emphasize the implication of both surgical and non-surgical treatment modality on such conditions.
Materials and methods
Patients. All 16 patients of primary NHL of the spine at the First Affiliated Hospital of Sun Yat-sen University, Guangzhou, China, from January 1994 to December 2006 were retrospectively reviewed, and 13 patients of primary NHL of the spine with neurologic deficits were identified. Primary NHL of the spine was confirmed by the histopathologic diagnosis with spinal involvement as the primary site of disease. The patients were excluded if they had i) distant-site bone marrow involvement; ii) lymph node involvement on the other side of the diaphragm from the involved bone; and iii) other extranodal involvement such as peripheral blood, lung, liver or other organs not intimately involved with the known site of bone involvement where the patients had less than two years of follow-up. This study was approved by the institutional review boards of the individual institutions.
The clinical information from patients' medical records was reviewed. We collected data on the clinical presentation and neurologic function; peripheral complete blood cell counts, lactate dehydrogenase level and urinalysis; imaging features included primary site of disease, presence of a pathological fracture, spinal cord (including cauda equina or nerve root) compression, metastasis and stage; pathological diagnosis, treatment modality, the date of diagnosis and last follow-up, as well as cause of death if the patients died. Imaging investigation included plain radiographic and magnetic resonance imaging of the primary site, posteroanterior and lateral chest radiography, computed tomography of the chest, abdomen, and pelvis, and ultrasound of abdominal and pelvic as well. Most patients also underwent radionucleotide technetium bone scanning. Pathologic examination was done with iliac crest bone marrow biopsy and biopsy from the involved spine.
Staging. Staging investigations performed varied over time and patients were staged retrospectively according to Ann Arbor staging classification (19) . The patients were defined as stage IE disease with a single localized bone lesion, stage IIE disease with a single bony site and contiguous or closely associated lymph nodes, stage III disease with distant nodal disease, and stage IV disease with multiple sites of spine or bone involvement.
Treatment. With respect to various treatment strategies including radiotherapy, chemotherapy and surgery in various combinations, the treatment selection for patients were depended on their diagnosis, cause of spinal cord (including cauda equina or nerve root) compression (soft tissue, fracture or instability), and neurologic function. Except for the acceptance of the CHOP chemotherapy (Table I) and radiotherapy, the patients were divided into a group combined with surgery (n=8) or non-surgery (n=5). The patients who needed surgical treatment were determined by the progressive neurological deficits based on physician discretion.
Assessment of the response to the treatment was done clinically and radiologically. Patients who had a complete disappearance of their lesions or did not show an increase in the size of their lesions or an appearance of new lesions were considered to be 'complete clinical remission'. Patients presenting an increase in the size of their lesions or with an appearance of new lesions were considered to have a progressive disease.
Survival analysis. Overall survival time was calculated from the date of diagnosis until the date of last follow-up or until time of death from any cause. Patients alive without evidence of disease were censored on the date of their last follow-up and patients who died due to causes unrelated to lymphoma were censored at time of death. Survival curves were calculated according to the Kaplan and Meier method; survival analysis was performed using the log-rank test. Differences were considered significant at P<0.05 (two tailed). All survival analyses were performed using the SPSS software package for Windows (version 15, SPSS, Inc., Chicago, IL).
Results
Patient presentation. Clinical features of the 13 patients are summarized in Table II . The patients consisted of 12 males and 1 female. The age of the patients varied from 16 to 73 years (median 41.4). They presented in single vertebral involvement (7 patients) and multifocal spinal involvement (6 patients). The main involved site localized in the cervical spine (1 patient), thoracic spine (7 patients), and lumbar spine (5 patients). Eight patients received an open surgical biopsy (including 2 patients failed with CT-guided core needle biopsy), and 5 patients received CT-guided core needle biopsy.
The most common presenting complaints were pain and neurologic symptoms without antecedent trauma in all patients. The neurologic symptoms included paraplegia, paraparesis, radiculopathy and radicular pain. In surgical group, pathologic fracture developed in 4 patients at the primary site before treatment, and 2 patients were considered to have spinal Table I . CHOP chemotherapeutic regimes.
Dose and usage
Adriamycin or pirarubicine 40-60 mg/m 2 (d 1), i.v.
mg/m 2 , dose per body surface area; i.v., intravenous.
-
instability. The neurologic status was paraplegia in 6 patients (Frankel A in 1, Frankel C in 3, Frankel D in 2) with radicular pain in 2 patients, and radicular pain with radiculopathy in 1 patient. One patient only had radicular pain. Neurologic symptoms were mainly caused by soft tissue extension in 5 patients, and soft tissue extension and fracture in 3 patients (Fig. 1A) . In non-surgical group, all patients presented soft tissue extension of their tumor, and pathologic fracture occurred in 1 patient; paraplegia in 3 patients (Frankel B in 1, Frankel C in 2) and weakness of lower extremity (4/5) in 1 patient. One patient only had radicular pain. Neurologic symptoms in all patients were mainly caused by soft tissue extension ( Fig. 2A) .
Clinical staging and recurrence. All patients of the clinical stage could be assigned. Nine patients presented with stage IE disease and 4 patients with stage IV disease (Table II) . Three patients (patients 1, 11 and 12) recurred (Table III) . One patient (patient 1) only received two cycles of chemotherapy after surgery. After relapse the patient was given four cycles of CHOP chemotherapy. This patient died 71 months from date of diagnosis. Although patients 11 and 12 completed chemotherapy and radiotherapy, the patients had no emergency radiotherapy, they only received radiotherapy following CHOP chemotherapy. With further combined treatments, the patients were in complete clinical remission at the latest follow-up.
Response to treatment and survival. In surgical group, 4 patients received anterior decompression and reconstruction; whereas another 4 patients only received posterior decompression. Two patients had their operation in other institutes (anterior decompression and reconstruction in patient 3 and posterior decompression in patient 4). Of this group, 7 patients combined with CHOP chemotherapy, received one cycle in 1 patient, two cycles in 1 patient, three cycles in 1 patient, six cycles in 2 patients, and seven cycles in 2 patients. Radiotherapy was added in 3 of those 7 patients. Total doses ranged from 20 to 42 Gy. One patient gave up further management after surgery. The neurologic function of 6 patients gradually recovered after neurologic decompression. The patients, except for patient 6 who gave up either radiotherapy or chemotherapy postoperatively, recovered to normal neurologic function 6 months after treatment. The other 2 patients (patients 3 and 4), who had operation in other institutes, did not get neurologic recovery. Patient 3 gave up treatment after first chemotherapy cycle. In non-surgical group, all patients received CHOP chemotherapy and radiotherapy, five cycles in 1 patient, six cycles in 2 patients, and seven cycles in 2 patients. Total doses of radiotherapy ranged from 15 to 45 Gy. The regimens of chemotherapy and radiotherapy were different in individual patients. Three patients with neurologic deficits (patients 9, 10 and 13) received total doses, from 12 to 15 Gy, of radiotherapy to first release the neurologic compression and dexamethasone (20-30 mg per day x 5) to prevent and reduce swelling of spinal cord. Following radiotherapy, chemotherapeutic drugs were given. The doses of radiotherapy were boosted in 2 patients (patients 9 and 13). The boost dose of radiotherapy in patient 10 was given between Table II . Clinical data on primary non-Hodgkin's lymphoma of spine with neurologic symptoms.
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chemotherapy cycles. Two patients (patients 11 and 12) received only radiotherapy following CHOP chemotherapy. This was because the diagnosis of patient 11 was delayed until three weeks after severe neurologic deficit (Frankel B) and patient 12 only had radicular pain. There was no patient transferred to surgical treatment in non-surgical group. Patients 9, 10 and 13 made a gradual remission from the neurologic deficits after emergency radiotherapy and achieved complete remission 6 months after treatment. The radicular pain of patient 12 relieved after the first chemotherapy cycle. The MRI image showed that the soft tissue extension disappeared and spinal cord was decompressed after the chemotherapy and radiotherapy (Fig. 2B) . The neurologic function of patient 11 had no recovery.
The median follow-up of all patients was 61.5 months, ranging from 2 to 156 months. The 5-year overall survival rate was 82% with 60% for the patients in the surgical group, 100% for the patients in the non-surgical group (Fig. 3) . There was no difference between the groups (¯2=3.559, P=0.059). Nine patients are alive at the latest follow-up (69.2%), in whom 8 patients completed at least five cycles of CHOP chemotherapy and radiotherapy. The 5-year overall survival was 100% for the 8 patients who completed CHOP chemotherapy and radiotherapy. Four patients died during follow-up. The cause of death was primary refractory disease, in which 3 patients (patients 1, 3 and 6) did not receive regular chemotherapy and radiotherapy, and unrelated to primary NHL of spine in 1 patient (patient 4). All living patients achieved complete clinical remission at the latest follow-up (Figs. 1B, C and 2C) . 
Discussion
Primary NHL of the spine is a rare extranodal lymphoma. There is no optimum treatment guideline for this tumor (9), especially with neurologic compression. In this study, we showed that the non-surgical treatment with chemotherapy and radiotherapy was able to rapidly reduce spinal cord and nerve root compression due to intraspinal soft tissue extension. Four of 5 patients had complete recovery of the neurologic function and radicular pain release. The 5-year overall survival was 100% for the patients in the non-surgical group. In combination of surgical decompression and/or chemotherapy and radiotherapy, 6 out of 8 patients gradually recovered neurologic function and had reduced radicular pain after neurologic decompression. The 5-year overall survival was 60%. There was no difference between the groups.
For primary NHL of the spine with neurologic compression, most authors recommended surgical excision of the tumor combined with irradiation and/or chemotherapy. Delamarter et al (10) reported on two cases who had excision of the tumor in combination with irradiation and chemotherapy for the treatment of histiocytic lymphoma of the spine. Shehata et al (17) described a patient suffering from a small-cell lymphocytic lymphoma of the spine treated with local resection, stabilization of the spine using of a ribstrut graft and methylmethacrylate, and radiochemotherapy. The patient had a stable spine eleven years after the operation. Vaughan et al (9) reported 3 patients with neurological abnormalities as well as severe destruction and collapse of a vertebral body at the time of presentation. The patients were managed with decompression and reconstruction and had a pain-free, stable spine with no or only slight neurological abnormalities at the most recent follow-up. Ford et al (11) reported 2 patients with vertebral disease who received spinal decompression and stabilization before chemotherapy and radiotherapy. Although Ramadan et al (7) retrospectively reported the outcomes of 131 patients with PLB including 21 patients who presented with spinal cord compression; they did not indicate how to treat the patients with spinal cord compression. In this study, our experience is that surgery is necessary when the neurologic function can not be recovered shortly after chemotherapy and radiotherapy, due to spinal instability, or neurologic deficits caused by fracture. After surgery, combined chemotherapy and radiotherapy needs to be performed. To the best of our knowledge, this is the largest case series to address treatment of primary NHL of the spine with neurologic compression.
Although the combination of chemotherapy and radiotherapy was proposed as optimum treatment for PLB lesions and lymph system involvements (6, (20) (21) (22) (23) , there was no evidence whether the combined modality is a good option in the management of primary NHL of the spine with neurologic compression. The clinical results in this series indicate that the non-surgical combination of chemotherapy and radiotherapy is effective to treat patients with primary NHL of the spine with neurologic compression by soft tissue extension. These results are consistent with other reports. Székely et al (24) managed 4 patients of epidural malignant lymphomas with a non-surgical method. Of the chemotherapy and radiotherapy treated cases, three out of the four experienced improvement in neurological symptoms, which in proportion was no worse than the operative cases (10 out of 13). Pels et al (25) treated a primary lymphoplasmacytoid lymphoma of the thoracic cord with focal radiotherapy (30 Gy) and three cycles of chemotherapy consisting of procarbazine, lomustine and vincristine. Complete tumor response and partial recovery of neurologic symptoms were achieved. Baar et al (15) reported one primary NHL of the spine with spinal cord compression treated with radiotherapy to the primary lesion, followed by chemotherapy. The patient is alive 7 months from the beginning of treatment. Although Laing et al (26) reported all 13 patients of NHL with epidural compression were treated with surgical decompression, they concluded that major decompressive surgery should be avoided in elderly patients, and treatment should consist of steroids and radiotherapy alone.
In the current study, we showed a combination of chemotherapy and radiotherapy is important to manage primary NHL of the spine with neurologic compression. To release the spinal cord compression quickly, radiotherapy needs to be used first, followed by chemotherapy. Using this regimen, we treated 3 patients who all recovered neurologic function completely. Rubin et al (27) reported rapid high doses of ONCOLOGY REPORTS 21: 1269 -1275 , 2009 Table III. Clinical data of three recurrent patients. 
RT, radiotherapy; R, rituximab; M, months.
- irradiation alone could achieved spinal cord decompression of epidural lymphoma. The degree of neurologic deficits and causes of compression are the other factors that need to be considered when opting for non-surgical management modality. In our non-surgical group, one patient's neurologic function had no recovery due to delayed diagnosis with severe neurologic deficit (Frankel B) for three weeks. He did not receive radiotherapy. This indicated that rapid initiation of combined treatment is essential to achieve recovery of neurologic function. Besides neurologic decompression, the fundamental goal of treatment is life extension of the patients with the best quality of life (24) . As it was impossible to resect the lesion entirely, the role of surgery in primary lymphoma of bone is limited. Surgical resection of the primary bone neoplasm was not necessary for local control (28) . Surgery was performed on an acute basis to obtain biopsy samples, to decompress the cord, to remove the majority of tumor masses, and to stabilize the spine (13) . Our results also showed that surgical treatment could not improve survival time compared to non-surgical treatment. Although 3 patients had surgery, the consequence of the disease can be severe if the patients did not complete chemotherapy and radiotherapy. Of the 3 patients, 1 patient who presented stage IE disease only received two cycle chemotherapy after surgery and relapsed two years later at primary site and sacrum. This patient died 71 months after primary surgery. The other two presented stage IV disease. They gave up further treatment and died shortly after operation. Of the patients who completed at least five cycles of CHOP chemotherapy and radiotherapy, 8 of 9 are alive at the latest follow-up, and their 5-year overall survival was 100% regardless of surgical treatment. The results suggested that combined treatment modality is necessary and a combination of chemotherapy and radiotherapy was the ideal treatment for patients of primary NHL of the spine with neurological compression.
Several studies have supported that a combination of chemotherapy and radiotherapy was the optimal treatment for patients with PLB (29). Zinzani et al (20) reported an improvement in recurrence/survival with the use of chemotherapy versus radiation therapy alone. Rathmell et al (21) reported an improvement in recurrence/survival and overall survival with the use of combined modality therapy versus radiation therapy alone. Fidias et al (22) also reported on a group of 37 patients all treated with combined modality therapy and demonstrated an improved disease-free survival and overall survival when compared with historical controls who were treated with radiation therapy alone. Beal et al (6) reported on a group of 82 patients and concluded that PLB patients treated with a combination of chemotherapy and radiotherapy were found to have a significant better survival than the patients treated with single modality therapy (chemotherapy or radiotherapy alone). Baiocchi et al (23) emphasized the importance of combined-modality therapy for primary bone lymphoma.
The largest case series address treatment of primary NHL of the spine with neurologic compression. The results demonstrate that combined treatment modality is necessary and effectiveness to treat the patients of primary NHL of spine with neurologic compression by soft tissue extension.
The patients with the combined treatment modality can achieve a high 5-year survival rate. Surgical decompression is probably not necessary for the patients with intraspinal involvement by soft tissue extension alone. The results suggest that the combination of chemotherapy and radiotherapy is the ideal treatment for the patients with primary NHL of spine with neurologic compression by soft tissue extension, regardless of the surgical treatment.
